Surface morphology and mechanical properties of conventional and selfadhesive resin cements after aqueous aging
Introduction
Bulk fractures were a crucial reason for ceramic inlay failure.
1,2 However, the marginal degradation was considered to be the underlying cause for these failures. 3, 4 The bonding agent of the resin cement can lead to a loss of support for the ceramics, which produce microfractures that eventually develop into bulk fractures. 5 Under physiological conditions, intraoral mechanisms of sorption, hydrolysis, and dynamic fatigue may lead to polymer degradation.
Walker, et al. 6 (2003) suggested that aqueous aging with cycling loading could increase the resin matrix fracture and the proportion of filler/resin interface fracture, which contributed to the cohesive failure of resin cement in vivo 6 . Thus, the stable long-term performance of resin cement under oral environmental conditions is a crucial factor to obtain a satisfactory success of the all-ceramic dental restoration.
At present, various self-adhesive resin cements are widely used for luting crowns, inlays, and onlays, which are made of composite, alloy, ceramic and zirconia, and fiber and titanium posts. This is due to their ability to preserve the tooth in the absence of restoration conditioning and surface treatment, . These acid monomers can demineralize and infiltrate the tooth substrate, resulting in micromechanical retention, 9,10 while they can react with the tooth tissue hydroxyapatite to form the necessary chemical bond. 11 The concentration of acidic monomers in the self-adhesive resin cement should be considerably low to avoid excessive hydrophilicity in the final polymer, and sufficiently high to achieve an acceptable bonding to the dentin and enamel. 12 Following their initial mixture, the self- (2012) suggested that the marginal adaptation of all-ceramic MOD-inlays, luted with both dentin-and enamelrestricted cavities, by self-adhesive resin cements was successful. 16 In addition, the bond strength required for coronal dentin of self-adhesive resin cements has proved to be an optimal one-or two-step adhesive, 9 whereas the bond durability regarding glass ceramic was equivalent to the conventional resin cement. Surface morphology and mechanical properties of conventional and self-adhesive resin cements after aqueous aging J Appl Oral Sci.
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Material and methods 
and separately immersed in a 10 ml light-proof glass vial of distilled water, which was maintained at 37°C for the following immersion time intervals: 1, 6, 12, and 18 months. The water was changed every month.
After immersion, five specimens were collected and washed with distilled water. The specimens were dry-blotted with an absorbent paper to remove the excess of surface liquid and weighted until the balance reached a constant weight, designated as m2 (µg).
At this time point, the Knoop microhardness of these specimens was tested according to the test conditions previously mentioned.
Finally, these specimens were reconditioned according to the constant mass, following the aforementioned desiccation procedure one more time.
The constant mass was marked as m3 (µg).
In accordance with the ISO 4049 specification at specific times were calculated using the following equations, respectively:
Where m1 is the initial mass before immersion; m2 is the saturated mass at a specific time; m3 is the final mass at a specific time; V is the volume of the specimen.
Surface morphology of the specimen after 18 months of water immersion
After 18 months of immersion, the surface morphology of specimens after the measurement of sorption and solubility was observed using scanning electron microscopy (SEM, S-4800, Hitachi Ltd, Tokyo, Japan).
Statistical analysis
The In the conventional resin cement, no significant differences were noted when its values were compared with the corresponding ones prior to the immersion. In self-adhesive resin cement, the same superscript indicates no significant differences compared with the values prior to immersion (24 h) (P<0.05)
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Surface morphology observation
The surface morphology of the six resin cements after 18 months of water immersion is shown in Figure   3 . S1 exhibited higher levels of filler exposure and stripping compared with C1, while S2 and S3 had apparent cracks and/or pores compared to C2 and C3.
The specimen S3 was completely fractured. is clearly described by the free volume theory, which suggests that glassy polymers generally have a nonequilibrium liquid structure and contain an equilibrium hole-free volume defined by Henry's law, as well as an extra non-equilibrium hole-free volume, frozen into the micro-voids, that is described by the Langmuir's isotherm. 21, 22 In this study, C2 and C3 exhibited no significant In addition, the plasticization of water might damage the structure of the resin matrix and produce additional surface pores and cracks during aqueous aging.
The change in the parameters of sorption and solubility of S3 were similar to those of C3, although negative solubility was not observed. However, the S3 containing acid-monomer exhibited higher sorption value compared to the C3. The water sorption did not affect the surface hardness, although it damaged the structure of the resin matrix, which resulted in the complete fracture of specimen S3. Previous studies have shown that S3 exhibited poor bond durability with dentine, and the bond failure of S3 and dentine was 100% in adhesive fractures. 10, 23, 28 In this study, the surface morphology of the conventional resin cements indicated higher integrity, while the self-adhesive resin cements exhibited additional filler exposure and striping, as well as pores, grooves, cracks and even complete specimen fracture, as determined by SEM. Thus, the hypothesis that the water aging behavior of self-adhesive resin cements exerts no significant effects from that of conventional resin cements must be rejected.
Marginal integrity and bonding effectiveness have been reported to be the most important factors affecting the restoration longevity. 29, 30 The cracking and filler stripping of resin cements may lead to marginal fracture and microleakage, which may further influence the survival rate of indirect restorations.
Therefore, clinical trials with longer observation periods are required to confirm the data collected from this investigation.
